
Europaisch.es  Patentamt  

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  0 4 4   1 3 4  

A 2  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  81302561.6  ©  Int.  CI.3:  A  61  K  9 / 0 6  

©  Date  of  filing:  09.06.81 

©  Priority:  09.07.80  US  167220 

©  Date  of  publication  of  application: 
20.01.82  Bulletin  82/3 

©  Designated  Contracting  States: 
AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 

©  Applicant:  UNIVERSITY  OF  FLORIDA 
207  Tigert  Hall 
Gainesville  Florida  3261  1  (US) 

©  Inventor:  Maren,  Thomas  H. 
2306  Southwest  13th  Street  Apartment  No.  806 
Gainesville  Florida  32608(US) 

@  Representative:  Gold,  Tibor  Zoltan 
T.Z.GOLD  &  COMPANY  9,  Staple  Inn 
London  WC1V7QH(GB) 

©  Method  and  composition  for  reducing  intraocular  pressure. 

Method  and  composition  for  reducing  intraocular  press- 
ure  and  reducing  aqueous  humor  formation  by  applying 
topically  to  the  cornea  an  effective  amount  of  an  aqueous 
solution  of  a  carbonic  anhydrase  inhinitor  comprising  a 
sulfonamide  having  the  following  properties: 

a.  sufficiently  soluble  in  water  to  form  a  1-5%,  by 
weight,  solution  or  a  pKa  of  not  greater  than  7.0; 

b.  ether  partition  coefficient  of  at  least  1.0; 

c.  chloroform  partition  coefficient  of  at  least  0.01; 
d.  dissociation  constant  against  carbonic  anhydrase  of 

not  more  than  3×10-8  molar; 
e.  first  order  rate  constant  for  penetration  of  the 

sulfonamide  through  a  isolated  rabbit  cornea  of  at  least 0.002 
hr.-'; 

f.  not  injurious  to  the  cornea;  and 
g.  stable  in  aqueous  solution  and  in  contact  with  the 

cornea. 



TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   is  d i r e c t e d   to  a  p r o c e s s   a n d  

c o m p o s i t i o n   f o r   r e d u c i n g   i n t r a o c u l a r   p r e s s u r e   and  r e d u c i n g  

a q u e o u s   humor   f o r m a t i o n   by  a p p l y i n g   t o p i c a l l y   to  t h e  

c o r n e a   an  e f f e c t i v e   a m o u n t   of  an  a q u e o u s   s o l u t i o n   of  a  

c a r b o n i c   a n h y d r a s e   i n h i b i t o r .  

BACKGROUND  OF  THE  INVENTION 

G l a u c o m a   is  w e l l   known  as  a  c o n d i t i o n   in  w h i c h  

t h e   i n t e r n a l   p r e s s u r e   in  t he   eye  i n c r e a s e s   to  the   e x t e n t  

t h a t   i t   c a u s e s   damage   to   t he   o p t i c   n e r v e   and  may  

e v e n t u a l l y   c a u s e   b l i n d n e s s .   T h i s   c o n d i t i o n   is  p r i m a r i l y  

c a u s e d   by  t he   f a i l u r e   of  a q u e o u s   humor   to   p r o p e r l y   d r a i n  

f rom  t h e   e y e ,   r e s u l t i n g   in  a  h i g h   i n t e r n a l   or  i n t r a o c u l a r  

p r e s s u r e .   I t   has   b e e n   r e c o g n i z e d   t h a t   t h e   f o r m a t i o n   o f  

a q u e o u s   humor  is   t h e   r e s u l t   of  t he   a c t i v i t y   of  the   e n z y m e  
c a r b o n i c   a n h y d r a s e   w h i c h   is  e m p l o y e d   by  t h e   h u m a n  b o d y   t o  

r e v e r s i b l y   c a t a l y z e   t h e   h y d r a t i o n   of  c a r b o n   d i o x i d e .  

C o m p o u n d s ,   p r i n c i p a l l y   h e t e r o c y c l i c   s u l f o n a m i d e s ,   a r e  

known  w h i c h   i n h i b i t   t h e   a c t i v i t y   of  c a r b o n i c   a n h y d r a s e   a n d  

t h u s   c o n t r o l   the   p r o d u c t i o n   of  a q u e o u s   humor   and  t h e  

i n t r a o c u l a r   p r e s s u r e   r e s u l t i n g   t h e r e f r o m .   [ H a v e n e r ,   O c u l a r  

P h a r m a c o l o g y ,   4 th   Ed.  ( 1 9 7 8 ,   C.V.  M o s e b y ) ;   M a r e n ,  

I n v e s t i g a t i v e   O p h t h a l m o l o g y ,   Vo l .   13,  pp  4 7 9 - 4 8 4   ( 1 9 7 4 ) ;  

B e c k e r ,   Am.  J.  of  O p h t h a l m o l o g y ,   39,  177  ( 1 9 5 5 ) ] .  

I t   is  n e c e s s a r y   to  a d m i n i s t e r   t h e s e   m a t e r i a l s  



p a r e n t e r a l l y   in  o r d e r   to  a c h i e v e   i n t r a o c u l a r   p r e s s u r e  
r e d u c t i o n .   P a r e n t e r a l   a d m i n i s t r a t i o n   r e q u i r e s   r e l a t i v e l y  

l a r g e   d o s a g e s   and  v e r y   o f t e n   r e s u l t s   in  t h e   p a t i e n t  

e x p e r i e n c i n g   f a t i g u e ,   d e p r e s s i o n ,   a n o r e x i a ,   n u m b n e s s   a n d  

t i n g l i n g   s e n s a t i o n s .  

I t   h a s   now  b e e n   d i s c o v e r e d   t h a t   c e r t a i n   c a r b o n i c  

a n h y d r a s e   i n h i b i t o r s   can  be  a d m i n i s t e r e d   t o p i c a l l y ,   i . e . ,  

a p p l i e d   d i r e c t l y   to   t he   c o r n e a ,   and  t h a t   t h e s e   c o m p o u n d s  

w i l l   p e n e t r a t e   t h e   c o r n e a   and  be  i m m e d i a t e l y   e f f e c t i v e   i n  

i n h i b i t i n g   t he   a c t i v i t y   of  c a r b o n i c  a n h y d r a s e   a n d  

d e c r e a s i n g   i n t r a o c u l a r   p r e s s u r e   and  a q u e o u s   humor   f l o w  

r e s u l t i n g   f rom  t h i s   a c t i v i t y .  

The  t o p i c a l   or   l o c a l   a p p l i c a b i l i t y   o f  

i n t r a o c u l a r   p r e s s u r e   d e p r e s s a n t s   o f f e r s   s e v e r a l   m a j o r  

a d v a n t a g e s   o v e r   d r u g s   r e q u i r i n g   p a r e n t e r a l   a d m i n i s t r a t i o n .  

T o p i c a l   a p p l i c a b i l i t y   a v o i d s   t h e   u n p l e a s a n t   s i d e   e f f e c t s  

d e s c r i b e d   a b o v e   w h i c h   r e s u l t   f rom  s y s t e m i c   a p p l i c a t i o n s   o f  

c a r b o n i c   a n h y d r a s e   i n h i b i t o r s .   In  a d d i t i o n ,   t o p i c a l  

a p p l i c a t i o n   e n a b l e s   a  more  r a p i d ,   l o c a l i z e d   c o n c e n t r a t i o n  

of   t he   d r u g   a t   t he   s i t u s   r e q u i r i n g   t h e   d r u g ' s   a c t i o n .  

BRIEF  SUMMARY  OF  THE  INVENTION 

T h i s   i n v e n t i o n   p r o v i d e s   a  m e t h o d   and  c o m p o s i t i o n  

p a r t i c u l a r l y   a d a p t e d   f o r   r e d u c i n g   i n t r a o c u l a r   p r e s s u r e   a n d  

r e d u c i n g   a q u e o u s   humor   f o r m a t i o n .   I t   has   b e e n   d i s c o v e r e d  

t h a t   t he   t o p i c a l   a p p l i c a t i o n   to  t h e   c o r n e a   of   c e r t a i n  

a n h y d r a s e   i n h i b i t o r s   e f f e c t s   a  r e d u c t i o n   of  a q u e o u s   h u m o r  

f o r m a t i o n   and  i n t r a o c u l a r   p r e s s u r e .   T h e s e   c a r b o n i c  

a n h y d r a s e   i n h i b i t o r s   c o m p r i s e   p h a r m a c e u t i c a l l y   a c c e p t a b l e  

s u l f o n a m i d e s   h a v i n g   t h e   f o l l o w i n g   p r o p e r t i e s :  

a .   s u f f i c i e n t l y   s o l u b l e   in  w a t e r   to  form  a  1 - 5 % ,  

by  w e i g h t ,   s o l u t i o n   or  pKa  of  n o t   g r e a t e r   t h a n   7 . 0 ;  

b.  e t h e r   p a r t i t i o n   c o e f f i c i e n t   of  a t   l e a s t   1 . 0 ;  

c.  c h l o r o f o r m   p a r t i t i o n   c o e f f i c i e n t   of  a t   l e a s t  



d.  d i s s o c i a t i o n   c o n s t a n t   a g a i n s t   c a r b o n i c  

a n h y d r a s e   of  n o t   more  t h a n   3 x l 0 - 8   m o l a r ;  

e.  f i r s t   o r d e r   r a t e   c o n s t a n t   f o r   p e n e t r a t i o n   o f  

s a i d   s u l f o n a m i d e   t h r o u g h   an  i s o l a t e d   r a b b i t   c o r n e a   of  a t  

l e a s t   0 . 0 0 0 2 h r - l .  

f .   n o t   i n j u r i o u s   to  t he   c o r n e a ;   a n d  

g.  s t a b l e   in  s o l u t i o n   and  in  c o n t a c t   w i t h   t h e  

c o r n e a .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  a c c o r d a n c e   w i t h   t he   i n v e n t i o n   i t   has   b e e n  

f o u n d   t h a t   c e r t a i n   c a r b o n i c   a n h y d r a s e   i n h i b i t o r s   can  b e  

s a f e l y   and  a d v a n t a g e o u s l y   a p p l i e d   d i r e c t l y   to   t he   c o r n e a  
in  t he   fo rm  of  d r o p s   of  a q u e o u s   s o l u t i o n .   T h e s e  

i n h i b i t o r s   m u s t   h a v e   c e r t a i n   p r o p e r t i e s   in  o r d e r   t o  

e f f e c t i v e l y   f u n c t i o n   in  t h i s   f a s h i o n .   F i r s t ,   t h e  

i n h i b i t o r   in  i t s   a c i d   fo rm  m u s t  h a v e   a  pKa  w h i c h   i s   n o t  

g r e a t e r   t h a n   7 . 0 ,   or  t h e   i n h i b i t o r   in  t he   a c i d   fo rm  m u s t  

be  s u f f i c i e n t l y   s o l u b l e   in  w a t e r   to  p r o d u c e   a  1-5% 

s o l u t i o n .   T h i s   p r o p e r t y   is  i m p o r t a n t   in  t h a t   i t   p e r m i t s  

the   compound   to   be  u s e d   in  an  1-5%  a q u e o u s   s o l u t i o n   a t   a  

pH  b e l o w   8  and  t h e r e f o r e   can  be  a p p l i e d   to  t he   eye  a t   a  

r e l a t i v e l y   n e u t r a l   pH.  The  pKa  may  be  m e a s u r e d   b y  

t i t r a t i n g   t h e   c o m p o u n d   w i t h   NaOH  and  f i n d i n g   t he   p o i n t   a t  

w h i c h   h a l f   of  t h e   c o m p o u n d   is  n e u t r a l i z e d .   The  pH  a t   t h i s  

p o i n t   is  t he   p K a .  

A n o t h e r   n e c e s s a r y   p r o p e r t y   of  t h e s e   c o m p o u n d s   i s  

t h a t   t h e y   m u s t   p o s s e s s   an  e t h e r   p a r t i t i o n   c o e f f i c i e n t   o f  

a t   l e a s t   1 . 0 .   T h i s   p r o p e r t y   in  c o n j u n c t i o n   w i t h   t h e  

c h l o r o f o r m   c o e f f i c i e n t   is  a  m e a s u r e   of  t he   l i p i d  

s o l u b i l i t y   of  t h i s   c o m p o u n d .   T h i s   is  a  c r i t i c a l   f e a t u r e  

s i n c e   the   c o m p o u n d   m u s t   be  r e a d i l y   a b s o r b e d   by  the   l i p i d  

m a t e r i a l s   in  t he   eye  and  be  a v a i l a b l e   f o r   i n t i m a t e   c o n t a c t  

w i t h   c a r b o n i c   a n h y d r a s e   so  as  to  c o n t r o l   i t s   a c t i v i t y .  

T h i s   p r o p e r t y   is  m e a s u r e d   by  p r e p a r i n g   an  a q u e o u s   s o l u t i o n  



of  the   c o m p o u n d   a t   pH7  and  s h a k i n g   t he   s o l u t i o n   w i t h   a n  

e q u a l   v o l u m e   of   e t h e r   u n t i l   e q u i l i b r i u m   i s   a c h i e v e d   in  t h e  

s y s t e m .   An  e t h e r   l a y e r   and  an  a q u e o u s   l a y e r   a r e   f o r m e d ,  

s e p a r a t e d ,   and  e a c h   a n a l y z e d   f o r   i t s   c o n t e n t   of  t h e  

c o m p o u n d .   The  c o e f f i c i e n t   is   t h e   r a t i o   of  t h e   a m o u n t   o f  

t h e   compound   in  t h e   e t h e r   l a y e r   to  t he   a m o u n t   of  t h e  

compound   in  t h e   a q u e o u s   l a y e r .   S e e ,   e . g . ,   M a r e n ,   J . ,  

Pha rm.   E x p t .   T h e r a p .   130 ,   p  26 ,   ( 1 9 6 0 )   f o r   t h e   m e t h o d   o f  

a n a l y s i s   f o r   t h e   c o m p o u n d   in  e a c h   l a y e r .  

A n o t h e r   c r i t i c a l   p r o p e r t y   n e c e s s a r y   in  t h e  

i n h i b i t o r s   e m p l o y e d   in  t h i s   i n v e n t i o n   is   t h e   c h l o r o f o r m  

p a r t i t i o n   c o e f f i c i e n t   w h i c h   m u s t   be  a t   l e a s t  0 . 0 1 .   T h i s  

p r o p e r t y   a l s o   r e l a t e s   to   the   l i p i d   s o l u b i l i t y   of  t h e  

compound   e m p l o y e d   and  i t   i s   m e a s u r e d   as  d e s c r i b e d   a b o v e  

w i t h   r e s p e c t   to   e t h e r .   The  p r o c e d u r e   i s   t h e   same  as  t h a t  

d e s c r i b e d   a b o v e   e x c e p t   t h a t   c h l o r o f o r m   i s   e m p l o y e d   i n  

p l a c e   of  e t h e r .  

A n o t h e r   n e c e s s a r y   p r o p e r t y   in  t h e   i n h i b i t o r s  

e m p l o y e d   in  t h i s   i n v e n t i o n   i s   t h a t   t h e y   m u s t   have   a  

d i s s o c i a t i o n   c o n s t a n t   a g a i n s t   c a r b o n i c   a n h y d r a s e   of  n o t  

more   t h a n   3 x l O - 8   m o l a r .   T h i s   p r o p e r t y   d e n o t e s   t h a t  

t he   c o m p o u n d   h a s   h i g h   a c t i v i t y   a g a i n s t   c a r b o n i c   a n h y d r a s e  

in  t he   c i l i a r y   p r o c e s s   of  t h e   eye  w h i c h   i s ,   a t   l e a s t   i n  

p a r t ,   r e s p o n s i b l e   f o r   t h e   s e c r e t i o n   of  a q u e o u s   h u m o r .   T h e  

d i s s o c i a t i o n   c o n s t a n t   i s   t h e   c o n c e n t r a t i o n   of  t h e   c o m p o u n d  

t h a t   w i l l   i n h i b i t   o n e - h a l f   of  t he   c a r b o n i c   a n h y d r a s e   in  a  

t e s t   s y s t e m   w h e r e i n   t h e   c o n d i t i o n s   a r e   so  a r r a n g e d   t h a t  

t he   compound   is   p r e s e n t   in  e x c e s s   of  t he   c a r b o n i c  

a n h y d r a s e .   The  t e s t   s y s t e m   is   d e s c r i b e d   in  M a r e n ,   s u p r a ,  
and  in  a  s u b s e q u e n t   a r t i c l e   by  Maren  in  t h e   same  v o l u m e   a t  

p a g e   3 8 9 .  

S t i l l   a n o t h e r   c r i t i c a l   p r o p e r t y   of  the   i n h i b i t o r  

c o m p o u n d s   e m p l o y e d   in  t h i s   i n v e n t i o n   is  t h a t   t he   c o m p o u n d  

m u s t   have   a  f i r s t   o r d e r   r a t e   c o n s t a n t   f o r   p e n e t r a t i o n   o f  

t he   compound   t h r o u g h   t h e   i s o l a t e d   c o r n e a   of  a  r a b b i t   of  a t  



l e a s t   0 . 0 0 0   2 h r - 1 ,   T h i s   p r o p e r t y   is  i m p o r t a n t   in  t h a t  

i t   s e t s   a  s t a n d a r d   f o r   a  s p e e d   in  w h i c h   t he   i n h i b i t o r   w i l l  

p a s s   t h r o u g h   t h e   c o r n e a   to  t he   i n t e r i o r   of  the   eye  and  b e  

a v a i l a b l e   to   i n h i b i t   t he   a c t i v i t y   of  c a r b o n i c   a n h y d r a s e   i n  

t h a t   l o c a t i o n .   T h i s   r a t e   c o n s t a n t   i s   m e a s u r e d   b y  

e m p l o y i n g   a  c o r n e a   w h i c h   has   b e e n   e x c i s e d   f rom  an  a n i m a l  

and  m o u n t e d   in  a  l a b o r a t o r y   a p p a r a t u s   in  such   a  way  t h a t  

two  d i f f e r e n t   a q u e o u s   s o l u t i o n s   a r e   s e p a r a t e d   f rom  e a c h  

o t h e r   by  t h a t   c o r n e a   and  a n a l y s i s   can  be  made  of  t h e  

s o l u t i o n   a t   t i m e d   i n t e r v a l s   so  as  to   d e t e r m i n e   the   r a t e   a t  

w h i c h   t h e   d i s s o l v e d   c o m p o u n d   in  one  s o l u t i o n   a p p e a r s   i n  

t he   s e c o n d   s o l u t i o n .   A n a l y s i s   of  t he   s o l u t i o n s   may  b e  

made  by  t h e   m e t h o d   of  t h e   Maren   a r t i c l e s   c i t e d   a b o v e .   T h e  

p e r m e a b i l i t y   s y s t e m   e m p l o y i n g   an  a n i m a l   c o r n e a   i s  

d e s c r i b e d   in  H u l l   e t   a l ,   I n v e s t .   O p h t h a l .   13,  p  4 5 7 ,  

1 9 7 4 .  

S t i l l   a n o t h e r   c r i t i c a l   p r o p e r t y   of  t he   c o m p o u n d s  

e m p l o y e d   in  t h i s   i n v e n t i o n   is  t h a t   t h e y   b e  

p h a r m a c e u t i c a l l y   a c c e p t a b l e   and  n o t   be  i n j u r i o u s   to   t h e  

c o r n e a   b e i n g   t r e a t e d .  

The  f i n a l   p r o p e r t y   w h i c h   i s   n e c e s s a r y   f o r   a  

c o m p o u n d   u s e d   in  t h i s   i n v e n t i o n   is  t h a t   i t   be  s t a b l e  

a g a i n s t   d e c o m p o s i t i o n   in  s o l u t i o n   and  in  c o n t a c t   w i t h   t h e  

c o r n e a .   T h i s   p r o p e r t y   may  be  t e s t e d   by  d i s s o l v i n g   t h e  

c o m p o u n d   in  a q u e o u s   s o l u t i o n   and  in  s o l u t i o n   c o n t a i n i n g  

c o r n e a l   t i s s u e   to   d e t e r m i n e   w h e t h e r   the   compound   h a s  

r e m a i n e d   s t a b l e   or  has   d e c o m p o s e d   i n t o   o t h e r   m a t e r i a l s .  

None  of  the   c a r b o n i c   a n h y d r a s e   i n h i b i t o r s  

p r e v i o u s l y   e m p l o y e d   by  p a r e n t e r a l   a d m i n i s t r a t i o n   is   u s e f u l  

in  t h e   p r o c e s s   of  t h i s   i n v e n t i o n   b e c a u s e   t h e y   do  n o t   m e e t  

a l l   of  t h e   c r i t e r i a   m e n t i o n e d   a b o v e   and  t h e r e f o r e   c a n n o t  

be  u sed   t o p i c a l l y .   P e r h a p s   t he   b e s t   known  i n h i b i t o r   i n  

t h e   p r i o r   a r t   is  a c e t a z o l a m i d e   ( 2 - a c e t y l a m i n o - 1 , 3 , 4 -  

t h i a d i a z o l e - 5 - S u l f o n a m i d e )   w h i c h   c a n n o t   be  made  i n t o   a  

w a t e r   s o l u t i o n   b e l o w   pH8  a t   c o n c e n t r a t i o n   g r e a t e r   t h a n  



0 . 0 5 % .   The  pKa  is  7 . 4 ;   t h e   e t h e r   p a r t i t i o n   c o e f f i c i e n t   i s  

0 . 1 4   and  t h e   c h l o r o f o r m   c o e f f i c i e n t   i s   0 . 0 0 1 .   T h i s  

m a t e r i a l   has   b e e n   t r i e d   and  f o u n d   to   be  c o m p l e t e l y  

u n s u i t a b l e   in  l o w e r i n g   i n t r a o c u l a r   p r e s s u r e   by  t o p i c a l  

a d m i n i s t r a t i o n .   [ F o s s ,   Am.  J .   O p h t h a l m o l o g y ,   39,   3 3 6  

( 1 9 5 5 ) ] .   M e t h a z o l a m i d e   ( 2 - a c e t y l i m i n o - 3 - m e t h y l -  

Δ 2 - 1 , 3 , 4 - t h i a d i a z o l i n e - 5 - S u l f o n a m i d e )   is   a n o t h e r   k n o w n  

c a r b o n i c   a n h y d r a s e   i n h i b i t o r   b u t   i t  i s   u n s u i t a b l e   in  t h e  

p r o c e s s   of   t h i s   i n v e n t i o n .   T h i s   c o m p o u n d   has   a  pKa  of  7 . 4  

and  c a n n o t   be  made  i n t o   a  n e u t r a l   s o l u t i o n   w i t h   a  

c o n c e n t r a t i o n   of  more  t h a n   a b o u t   0 . 2 % .   In  a  s e r i e s   o f  

t e s t s   t h e   i n t r a o c u l a r   p r e s s u r e   was  n o t   r e d u c e d   and  t h e  

p r o d u c t i o n   of  a q u e o u s   h u m o r   was  n o t   r e d u c e d   e x c e p t   to   a  

v e r y   s l i g h t   e x t e n t   in  one   of  t h e   s e r i e s   of  t e s t s .   S t i l l  

a n o t h e r   p r i o r   a r t   i n h i b i t o r   i s   e t h o x z o l a m i d e  

( 6 - e t h o x y - b e n z o t h i a z o l e - 2 - s u l f o n a m i d e )   h a v i n g   p r o p e r t i e s  

s o m e w h a t   s i m i l a r   to   t h o s e   of  m e t h a z o l a m i d e .   T h i s   m a t e r i a l  

has   a  pKa  of   8 . 1   and  c a n n o t   be  made  i n t o   an  a q u e o u s  
s o l u t i o n   a t   a  c o n c e n t r a t i o n   a b o v e   a b o u t   0 . 0 0 4 % .   T h i s   d r u g  

is   i n e f f e c t i v e   in  t o p i c a l l y   t r e a t i n g   the   eye  to   r e d u c e  

i n t r a o c u l a r   p r e s s u r e .  

An  i n h i b i t o r   w h i c h   is   u s e f u l   in  t h i s   i n v e n t i o n   i s  

2 - b r o m o a c e t y l a m i n o - l , 3 , 4 - t h i a d i a z o l e - 5 - s u l f o n a m i d e ,  

c o m m o n l y   named  b r o m a c e t a z o l a m i d e .   T h i s   c o m p o u n d   has   a  pKa  

of  5 . 7 ;   an  e t h e r   p a r t i t i o n   c o e f f i c i e n t   of   2 . 0 ;   a  

c h l o r o f o r m   p a r t i t i o n   c o e f f i c i e n t   of  0 . 0 1 ;   a  d i s s o c i a t i o n  

c o n s t a n t   of  10-8   m o l a r ;   a  r a b b i t   c o r n e a   p e n e t r a t i o n  

r a t e   c o n s t a n t   of  0 . 0 0 0 3   h r . - l ;   i t   p r o d u c e s   no  i n j u r y  

or   c l o u d i n g   in  t h e   c o r n e a   upon   b e i n g   a p p l i e d   in  a  2 - 5 %  

s o l u t i o n ;   and   i t   is   s t a b l e   in  s o l u t i o n   f o r   a t   l e a s t  

s e v e r a l   w e e k s .   The  p r e f e r r e d   c o n c e n t r a t i o n   in  w h i c h   t h i s  

d r u g   may  be  a p p l i e d   to  t he   eye  is   1-5%,  t he   a c t u a l   c h o i c e  

b e i n g   d e p e n d e n t   upon  s e v e r a l   f a c t o r s   s u c h   a s ,   t he   s e v e r i t y  

of  t h e   d i s e a s e   and  i n d i v i d u a l   p a t i e n t   v a r i a t i o n s .  



A n o t h e r   compound   w h i c h   is   u s e f u l   in  t h e   p r o c e s s  

of  t h i s   i n v e n t i o n   is   2 - t r i f l u o r o a c e t y l i m i n o - 3 - m e t h y l -  

A 2 - 1 , 3 , 4 - t h i a d i a z o l i n e - 5 - s u l f o n a m i d e ,   i t s   common  n a m e  

b e i n g   t r i f l u o r m e t h a z o l a m i d e .   T h i s   compound   m e e t s   a l l   o f  

t h e   q u a l i f i c a t i o n s   as  s e t   f o r t h   f o r   t he   p r o c e s s   of  t h i s  

i n v e n t i o n ,   a l t h o u g h   i t   is   n o t   as  s t a b l e   in  s o l u t i o n   a s  

b r o m a c e t a z o l a m i d e .   T h i s   c o m p o u n d   has  a  pKa  of  6 . 4 ;   a n  

e t h e r   p a r t i t i o n   c o e f f i c i e n t   of  6 . 0 ;   a  c h l o r o f o r m   p a r t i t i o n  

c o e f f i c i e n t   of  0 . 3 ;   a  d i s s o c i a t i o n . c o n s t a n t   of  3 x 1 0 - 8  

m o l a r ;   a  r a b b i t   c o r n e a   p e n e t r a t i o n  r a t e   c o n s t a n t   of   0 . 0 0 3  

h r . - 1 ;   i t   d o e s   n o t   i n j u r e   or  c l o u d   the   c o r n e a   in  a  

2-5%  s o l u t i o n ;   and  is  s t a b l e   in  s o l u t i o n   f o r   two  h o u r s .  

S t i l l   a n o t h e r   c o m p o u n d   u s e f u l   in  t h i s   i n v e n t i o n  

i s   2 - t r i c h l o r o a c e t y l a i m i n o - 3 - m e t h y l - Δ 2 - 1 , 3 , 4 -  

t h i a d i a z o l i n e - 5 - s u l f o n a m i d e ,   i t s   common  name  b e i n g  

t r i c h l o r m e t h a z o l a m i d e .   I t   ha s   a  pKa  of  6 . 8 ;   an  e t h e r  

p a r t i t i o n   c o e f f i c i e n t   of   21,  a  c h l o r o f o r m   p a r t i t i o n  

c o e f f i c i e n t   of  3 . 0 ;   a  d i s s o c i a t i o n   c o n s t a n t   of  2 x 1 0 - 8  

m o l a r ;   a  r a b b i t   c o r n e a   p e n e t r a t i o n   r a t e   c o n s t a n t   o f  

g r e a t e r   t h a n   0 . 0 0 1   h r . - 1 ;   i t   d o e s   no t   i n j u r e   or  c l o u d  

the   c o r n e a   in   2-5%  s o l u t i o n ;   and  i t   is  s t a b l e   in  s o l u t i o n  

f o r   a t   l e a s t   s i x   h o u r s .  

A l l   t h r e e   of  t h e   a b o v e - d e s c r i b e d   c o m p o u n d s ,  

i . e . ,   b r o m a c e t a z o l a m i d e ,   t r i f l u o r m e t h a z o l a m i d e ,   a n d  

t r i c h l o r m e t h a z o l a m i d e   as  w e l l   as  o t h e r   c o m p o u n d s   m e e t i n g  

t h e   a b o v e - l i s t e d   c r i t e r i a   a r e   u s e f u l   and  o p e r a b l e   i n  

l o w e r i n g   i n t r a o c u l a r   p r e s s u r e   and  in  r e d u c i n g   t h e  

f o r m a t i o n   of  a q u e o u s   humor  by  t o p i c a l   t r e a t m e n t   of  the   e y e  
in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n .  

S u l f o n a m i d e s   w h i c h   a r e   s u f f i c i e n t l y   s o l u b l e   i n  

w a t e r   to   form  1-5%,  by  w e i g h t ,   s o l u t i o n   may  be  u t i l i z e d   i n  

t he   a c i d   f o r m .   Those   s u l f o n a m i d e s   t h a t   a r e   n o t  

s u f f i c i e n t l y   w a t e r   s o l u b l e   a r e   u t i l i z e d   in  t he   form  o f  

t h e i r   p h a r m a c e u t i c a l l y   a c c e p t a b l e   w a t e r - s o l u b l e   s a l t s ,  

i . e . ,   s o d i u m ,   p o t a s s i u m ,   t r i e t h a n o l a m i n e ,   e t c .   T h e  



s u l f o n a m i d e   s o l u t i o n s   a r e   a p p l i e d   t o p i c a l l y  

to  t he   eye   by  e x p o s i n g   the   e n t i r e   c o r n e a   to  t h e   s o l u t i o n  

f o r   a  t i m e   s u f f i c i e n t   f o r   p e n e t r a t i o n   i n t o   t h e   eye  of  a n  

a m o u n t   of  c a r b o n i c   a n h y d r a s e   i n h i b i t o r   s u f f i c i e n t   t o  

e f f e c t   a  r e d u c t i o n   in  a q u e o u s   humor   f o r m a t i o n   a n d  

i n t r a o c u l a r   p r e s s u r e .   G e n e r a l l y ,   when  e m p l o y i n g   s o l u t i o n s  

c o n t a i n i n g   1-5%  by  w e i g h t   of  s u l f o n a m i d e ,   e x p o s u r e   to   t h e  

c o r n e a   f o r   f rom  a b o u t   10  t o   30  m i n u t e s   i s   a d e q u a t e   t o  

e n a b l e   an  e f f e c t i v e   p e n e t r a t i o n   of  s u l f o n a m i d e .   The  e x a c t  

t ime   of  e x p o s u r e   w i l l   v a r y   d e p e n d i n g   on  t h e   n a t u r e   of   t h e  

s u l f o n a m i d e .  

F i g s .   1-3  d e m o n s t r a t e   t h e   e f f e c t   on  t h e  

i n t r a o c u l a r   p r e s s u r e   in  t he   eye  of   r a b b i t s   e x p o s e d   t o  

s o l u t i o n s   of  s u l f o n a m i d e s   a c c o r d i n g   to   t h e   i n v e n t i o n .   T h e  

s h a d e d   p o r t i o n s   of  the   f i g u r e s   i n d i c a t e   t h e   t i m e s   o f  

e x p o s u r e   of  t h e   eye  to   t he   a c t i v e   s o l u t i o n s .   The  o t h e r  

eye  of  t h e   r a b b i t   i s   u sed   as  a  c o n t r o l .   I n t r a o c u l a r  

p r e s s u r e   i s   m e a s u r e d   u t i l i z i n g   t he   p n e u m o t o n o g r a p h  

a c c o r d i n g   to  t h e   m e t h o d   of  Q u i g l y   e t   a l   (Amer .   J.  O p h t h a l .  

80,  p.  266  ( 1 9 7 5 ) .   B r i e f l y ,   an  e l e c t r o n i c a l l y   c o n t r o l l e d  

p r o b e   i s   g e n t l y   p l a c e d   on  the   c o r n e a .   The  p r o b e   c o n s i s t s  

of  a  m e m b r a n e ,   p i s t o n ,   and  gas   c h a m b e r   a r r a n g e d   so  t h a t  

t he   eye  p r e s s u r e   i s   t r a n s l a t e d   e l e c t r o n i c a l l y   to  a  s c r i b e  

on  m o v i n g   g r a p h   p a p e r   w h i c h   r e c o r d s   t h e   p r e s s u r e .  
The  v o l u m e   and  f l o w   of  a q u e o u s   humor   is  m e a s u r e d  

a c c o r d i n g   to  t h e   m e t h o d s   of  O p p e l t ,   I n v e s t .   O p h t h a l . ,   V o l .  

6,  p.  76  ( 1 9 6 7 ) .  

W h i l e   t he   i n v e n t i o n   has   been   d e s c r i b e d   w i t h  

r e s p e c t   to   c e r t a i n   s p e c i f i c   e m b o d i m e n t s ,   i t   w i l l   b e  

a p p r e c i a t e d   t h a t   many  m o d i f i c a t i o n s   and  c h a n g e s   may  b e  

made  by  t h o s e   s k i l l e d   in  the   a r t   w i t h o u t   d e p a r t i n g   f r o m  

the   s p i r i t   of  t he   i n v e n t i o n .   I t   is  i n t e n d e d ,   t h e r e f o r e ,  

by  the   a p p e n d e d   c l a i m s   to  c o v e r   a l l   s u c h   m o d i f i c a t i o n s   a n d  

c h a n g e s   as  f a l l   w i t h i n   t he   t r u e   s p i r i t   and  s c o p e   of  t h e  

i n v e n t i o n .  



1.  A  m e t h o d   of  r e d u c i n g   a q u e o u s   humor   f o r m a t i o n   a n d  

i n t r a o c u l a r   p r e s s u r e   c o m p r i s i n g   t o p i c a l l y   a p p l y i n g   to  t h e  

c o r n e a   an  a m o u n t   of  an  a q u e o u s   s o l u t i o n   of  a  c a r b o n i c  

a n h y d r a s e   i n h i b i t o r   and  f o r   a  t i m e   s u f f i c i e n t   to  e f f e c t   a  

r e d u c t i o n   of  a q u e o u s   humor   f o r m a t i o n   a n d  i n t r a o c u l a r  

p r e s s u r e ,   s a i d   c a r b o n i c   a n h y d r a s e   i n h i b i t o r   c o m p r i s i n g   a  

p h a r m a c e u t i c a l l y   a c c e p t a b l e   s u l f o n a m i d e   h a v i n g   t h e  

f o l l o w i n g   p r o p e r t i e s :  

a)  s u f f i c i e n t l y   w a t e r   s o l u b l e   to  f o rm  a  1-5%,  b y  

w e i g h t ,   s o l u t i o n   o r a p K a   of  n o t   g r e a t e r   t h a n   7 . 0 ;  

b)  e t h e r   p a r t i t i o n   c o e f f i c i e n t   of   a t   l e a s t   1 . 0 ;  

c)  c h l o r o f o r m   p a r t i t i o n   c o e f f i c i e n t  o f  a t   l e a s t  

0 . 0 1 ;  

d)  d i s s o c i a t i o n   c o n s t a n t   a g a i n s t   c a r b o n i c   a n h y d r a s e  

of  n o t   more   t h a n   3 x 1 0 - 8   m o l a r ;  

e)  f i r s t   o r d e r   r a t e   c o n s t a n t   f o r   p e n e t r a t i o n   o f  

s a i d   s u l f o n a m i d e   t h r o u g h   a  r a b b i t   c o r n e a   of  a t   l e a s t  

0 . 0 0 2   h r .  1 ;  

f )   n o t   i n j u r i o u s   to  t h e   c o r n e a ;   a n d  

g)  s t a b l e   in   s o l u t i o n   and  in   c o n t a c t   w i t h   t h e   c o r n e a .  

2.  A  c o m p o s i t i o n   a d a p t e d   f o r   t o p i c a l   a p p l i c a t i o n   to  t h e  

eye   in   u n i t   d o s a g e   fo rm  c o m p r i s i n g   an  a q u e o u s   s o l u t i o n   of  a n  

a m o u n t   of  c a r b o n i c   a n h y d r a s e   i n h i b i t o r   s u f f i c i e n t   to  r e d u c e  

a q u e o u s   humor   f o r m a t i o n   and  to  r e d u c e   i n t r a o c u l a r   p r e s s u r e ,  

s a i d   c a r b o n i c   a n h y d r a s e   i n h i b i t o r   c o m p r i s i n g   a  p h a r m a c e u t i c a l l y  

a c c e p t a b l e   s u l f o n a m i d e   h a v i n g   t he   f o l l o w i n g   p r o p e r t i e s :  



a)  s u f f i c i e n t l y   s o l u b l e   in   w a t e r   to   f o rm  a  1 - 5 % ,  

by  w e i g h t ,   s o l u t i o n   or  a  pKa  of  n o t   g r e a t e r   t h a n   7 . 0 ;  

b)  e t h e r   p a r t i t i o n   c o e f f i c i e n t   of  a t   l e a s t   1 . 0 ;  

c)  c h l o r o f o r m   p a r t i t i o n   c o e f f i c i e n t   of  a t   l e a s t  

0 . 0 1 ;  

d)  d i s s o c i a t i o n   c o n s t a n t   a g a i n s t   c a r b o n i c  

a n h y d r a s e   of  n o t   more   t h a n   3 x 1 0 - 8   m o l a r ;  

e)  f i r s t   o r d e r   r a t e   c o n s t a n t   f o r   p e n e t r a t i o n   o f  

s a i d   s u l f o n a m i d e   t h r o u g h   a  r a b b i t   c o r n e a   of  a t   l e a s t  

0 . 0 0 2   h r . - 1 ;  

f)   n o t   i n j u r i o u s   to   t h e   c o r n e a ;   a n d  

g)  s t a b l e   in   s o l u t i o n   a n d   in   c o n t a c t   w i t h   t h e  

c o r n e a .  

3.  The  i n v e n t i o n   a c c o r d i n g   to  c l a i m   1  or   2  w h e r e i n  

s a i d   a q u e o u s   s o l u t i o n   c o n t a i n s   1-5%  by  w e i g h t   of  s a i d  

c a r b o n i c   a n h y d r a s e   i n h i b i t o r .  

4.  The  i n v e n t i o n   a c c o r d i n g   to  c l a i m   1 , 2   or   3  w h e r e i n  

s a i d   s u l f o n a m i d e   i s   a  h e t e r o c y c l i c   s u l f o n a m i d e .  

5.  The  i n v e n t i o n   a c c o r d i n g   to  c l a i m   4  w h e r e i n   s a i d  

s u l f o n a m i d e   i s   a  t h i a d i a z o l i n e   s u l f o n a m i d e .  

6.  The  i n v e n t i o n   a c c o r d i n g   to  c l a i m   4  w h e r e i n   s a i d  

s u l f o n a m i d e   i s   2 - b r o m o a c e t y l a m i n o - 1 , 3 , 4 - t h i a d i a z o l e - 5 -  

s u l f o n a m i d e .  

7.  The  i n v e n t i o n   a c c o r d i n g   to   c l a i m   5  w h e r e i n   s a i d  

s u l f o n a m i d e   i s   2 - t r i f l u o r o a c e t y l i m i n o - 3 - m e t h y l - Δ 2 -  

1 . 3 , 4 - t h i a d i a z o l i n e - 5 - s u l f o n a m i d e .  

8.  The  i n v e n t i o n   a c c o r d i n g   to  c l a i m   5  w h e r e i n   s a i d  

s u l f o n a m i d e   i s   2 - t r i c h l o r o a c e t y l i m i n o - 3 - m e t h y l - Δ 2 -  

l , 2 , 4 - t h i a d i a z o l i n e - 5 - s u l f o n a m i d e .  



9.  The  c o m p o u n d   2 - t r i f l u o r o - a c e t y l i m i n o - 3 - m e t h y l -  

Δ  2 - 1 , 3 , 4 - t h i a d i a z o l i n e - 5 - s u l f o n a m i d e .  

10.  The  c o m p o u n d   2 - t r i c h l o r o a c e t y l i m i n o - 3 -   m e t h y l -  

Δ 2 - 1 , 3 , 4 - t h i a d i a z o l i n e - 5 - s u l f o n a m i d e .  
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